Background
Although sodium hypochlorite (NaOCl) is considered the most effective, inexpensive, and readily available agent for root canal irrigation because of its tissue-dissolving, antibacterial, and lubrication properties, 1 it is toxic to vital tissues and able to corrode metals, and damage to clothing and significant injuries to the eyes, skin, or oral mucosa can be caused by its accidental spillage. Some endodontists believe that deep delivery of the irrigation solution into root canals results in a more effective removal of debris, 2 but the disadvantage of this method of delivery may be an increased apical extrusion. 3 The irrigation solution may be extruded from the apical foramen during root canal preparation, as reported by Brown et al. 3 An NaOCl accident occurs when there is extravasation of this irrigation solution beyond the apex, leading to tissue necrosis. 4, 5 This manifests as severe pain, burning, rapid tissue swelling, and bleeding from the periapical tissue. 4, 6, 7 We present a life-threatening case that rapidly developed following the use of NaOCl as an endodontic irrigation solution to result in swelling of the floor of the mouth and a compromised airway that necessitated intubation for 3 days. 
Case presentation
A 42-year-old female who was apparently healthy with no known allergies presented to the undergraduate clinic at the dental school of King Abdulaziz University, Jeddah, Kingdom of Saudi Arabia, for endodontic treatment of her lower right central incisor (tooth #41). The patient was given an inferior alveolar nerve block, a rubber dam was applied, endodontic access was achieved, and the pulp was extirpated. The student irrigated the canal using a total of 12 cc of 3% NaOCl. During irrigation, the student noticed increased bleeding from the canal, and the instructor advised her to continue irrigation to stop the bleeding.
The patient reported severe pain and a burning sensation, and the student immediately stopped the treatment and removed the rubber dam, at which point she noticed extensive swelling of the lower lip and chin related to the treated tooth ( Figure 1 ). The emergency response team in the dental school was summoned and, upon arrival, they found that the patient's vital signs were stable and her oxygen saturation was 100%. An intravenous line was started immediately, and a dose of 100 mg of hydrocortisone was administered through the intravenous line. The patient was transferred to the emergency department for observation.
The swelling in the chin and sublingual area continued to progress rapidly during the next 4 hours, involving the lips and the submental and sublingual spaces and resulting in elevation of the floor of the mouth. At that point, the patient started to exhibit signs of upper airway obstruction, with stridor, labored breathing, and declining oxygen saturation.
The patient was transferred to the intensive care unit (ICU), where a decision was made to intubate her using an oral endotracheal tube, which was inserted without difficulty, and the patient was placed on a mechanical ventilator. During her stay in the ICU, she was treated with 1,000 mg of cefazolin and 8 mg of dexamethasone every 8 hours. She remained intubated for 72 hours, during which the swelling started to slowly decline and the floor of the mouth became soft and nonraised ( Figure 2 ).
The patient was extubated after exhibiting positive cuffleak test results and other ICU extubation criteria. At that time, intraoral examination revealed a 2 cm ×1 cm ulcer in the lower anterior vestibule, extending in depth to the bone ( Figure 3 ). The patient denied any paresthesia or altered sensation of the inferior alveolar nerve or mental nerve branches.
The patient was transferred to the ward and observed for another 24 hours, during which the oral wound was monitored for signs of infection. She was seen by an immunologist to rule out an allergic reaction using the following immunological tests: antinuclear antibody, double-stranded deoxyribonucleic acid antibody, complement-3, complement-4, total immunoglobulin (Ig)E, Phadiatop (IgE against common 
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sodium hypochlorite accident resulting in upper airway obstruction inhalant allergens), thyroid peroxidase antibody, thyroid thyroglobulin antibody, IgG, IgA, and IgM. All of the allergen tests were negative, and the antibodies were within the normal limits. A skin patch test was negative for NaOCl hypersensitivity.
The patient was discharged from the hospital on a short taper of prednisone. She continued to be followed up as an outpatient, and during this period, the intraoral wound was monitored. Healing of the ulcer occurred through secondary intention, and it completely healed without a significant scar or nerve deficit after approximately 3 weeks. The patient refused to return for completion of the planned dental treatment.
The differential diagnosis of the case includes an NaOCl accident and an allergic reaction to the rubber dam or NaOCl. The patient did not exhibit the typical signs of an allergic reaction, such as itching or rash, and the allergic testing for NaOCl was negative. In addition, the needle used for irrigation was a regular needle, not an endodontic one, and the solution may have been applied under pressure, resulting in perforation into the apical region and extravasation into the tissue. Therefore, a diagnosis of NaOCl accident was established.
Discussion
NaOCl is an effective irrigation solution, but it may cause serious complications such as the injection of NaOCl into the periapical tissue. 6 NaOCl has a cytotoxic effect when it comes in contact with vital tissue, because it causes hemolysis and ulceration, inhibits neutrophil migration, and damages endothelial and fibroblast cells. 7 The expression of NaOCl beyond the confines of the root canal and its subsequent consequences are known as a hypochlorite accident, as was first reported by Becker et al 8 in 1974. Despite the use of a rubber dam, a hypochlorite accident may occur due to unfamiliarity with the use of NaOCl, such as the improper placement or faulty positioning of the clamps and frames. 9 Additionally, complications such as injection into the maxillary sinuses, seepage through the lateral root perforations, accidental injection instead of an anesthetic solution, and splashing into the eyes have been reported. 10, 11 Few reports regarding hypersensitivity and allergic reactions caused by the application of NaOCl are presented in the dental literature.
To the best of our knowledge, the life-threatening tissue space edema secondary to an NaOCl accident has only been reported once by Bowden et al 12 in 2006. In their case report, steroids were used because of the rapidly arising tissue edema, the steroid efficacy in these situations, and the anti-inflammatory properties of this group of drugs.
Extrusion of the NaOCl beyond the root apex during root canal treatment is a rare complication, but if it occurs, it causes chemical burns and tissue necrosis. Protective measures include the provision of a protective bib impermeable to liquid, which protects the patient's clothes; protective glasses for the clinical team as well as the patient; proper use of a rubber dam and a side-venting needle and syringe for canal irrigation, ie, using only Luer-Lok style syringes and needles that are loosely positioned in the canal; and the careful control of irrigant delivery and exposure to NaOCl. 13 Deep delivery into the periapical tissue can be prevented by use of a coronal access cavity. 3 Additionally, the search for a new safer and effective irrigating solution is important to avoid the possibility of a life-threatening situation such as the one presented in this manuscript.
Kleier et al 14 suggested that females are more subject to this complication than males because of their decreased bone thickness and density. These researchers suggested that NaOCl accidents may be caused when NaOCl has direct access to a soft-tissue space, such as the buccal or infraorbital space, rather than simply contacting periapical tissue, as occurs when the anatomic apex of a tooth naturally fenestrates through the overlying alveolar bone or when the alveolar bone has been perforated by a disease process, leading to a fenestration of the overlying bone. 
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